J-PARC neutrino facility was recently approved and the construction is started. Superconducting combined function magnets are introduced in the primary proton beam line for the first time. Off-axis scheme is applied to generate high intensity narrow band neutrino beam. The expected number of ν µ charged current interactions in Super-Kamiokande in 1 year is ∼ 3000, which is about 2 orders of magnitude higher than K2K experiment. In this report, J-PARC neutrino beam line is introduced.
Introduction
J-PARC, Japan Proton Accelerator Research Complex, is a high intensity proton accelerator facility which is being constructed in Japan Atomic Energy Research Institute (JAERI) in Tokai-village, about 60 km N.E. of KEK 1 . A 50-GeV proton synchrotron in J-PARC will provide 750 kW beam power, about 2 order of magnitude higher than KEK-PS. The Tokaito-Kamioka (T2K) experiment is a next generation long baseline neutrino oscillation experiment in which the ν µ beam is produced by the 50-GeV beam and detected by Super-Kamiokande (SK) 2 with the neutrino flight distance of 295 km (Fig. 1) . Main goals of the experiment are: (1) discovery of ν e appearance, (2) precision measurement of oscillation parameters and eventually, (3) search for CP violation in lepton sector 2 . The neutrino facility in J-PARC has been approved by the Government and the construction started in 2004.
J-PARC facility
J-PARC consists of the 400 MeV LINAC, the 3 GeV rapid cycling synchrotron (3GeV-RCS) and the 50 GeV proton synchrotron (50GeV-PS). The 50GeV-PS accelerates 3. The performance of the accelerators in J-PARC mentioned above is the design specifications. Due to some budgetary reasons, the LINAC energy will be 181 MeV and "50-GeV"-PS energy will be 40 GeV in normal op-eration at the beginning of the experiments and the design performance will be restored later. In order not to reduce beam power of 50-GeV PS even with these degraded accelerator performances, possibility of doubling harmonic numbers in 50-GeV PS is being studied.
Neutrino facility
The layout of the neutrino facility in J-PARC is illustrated in Fig. 3 . One of the special features of T2K is the first application of "off-axis" (OA) beam which can produce low energy high intensity ν µ beam with adjustable sharp peak in the energy spectrum 3 . The position of the peak will be tunned at energy of oscillation maximum to maximize the sensitivity. The primary proton beam line is to transfer extracted proton beam from the 50GeV-PS to the neutrino production target. It consists of preparation, arc, and final focusing section (Fig. 4) . The preparation section consists of series of normal conducting magnets and collimators. It is designed to accommodate the beam emittance of 60π mm·mrad. The arc section is 
Final Focusing Section
Normal conducting world first beam line made of combined function superconducting magnets and bends the proton beam about 80
• toward the SK with 28 magnets. The final focusing section, using normal conducting magnet, shapes the beam from the arc section to be suitable for the neutrino target.
The production target is made of graphite of 3-cm diameter and 90-cm long (corresponding to 2 interaction length). About 80% of incoming protons interact with the target material. Heat load from the beam is about 60 kJ/spill (∼20 kW). In order to remove the heat, the target needs to be cooled. Two cooling schemes, water and Heliums gas, are under consideration and R&D is in progress.
The target is followed by three electromagnetic horns which focus generated pions to forward direction. They are driven by pulsed current of 320 kA at peak synchronized with the proton beam. The first horn and the target is protected from accidental hit of miss-steered proton beam by a kind of collimator called baffle.
The decay volume (DV) is a free space down stream of the horn where pions decay in flight into ν µ s and muons. The length between the target and the end of the decay volume is about 130 m. DV is filled with helium gas to reduce pion absorption, and is surrounded by concrete shield of about 6 m thick. The decay pipe is designed to accommodate the beam of 2 ∼ 3
• off-axis angle. The wall of Helium vessel is water cooled to remove heat load by the beam.
The beam dump is placed at the end of DV and stops hadrons such as remaining protons and secondary mesons. The dump consists of graphite blocks of about 2 m thickness, 1.35-m thick Copper and 1.35-m thick Iron. The graphite part is most upstream and need to be water-cooled.
The Muon monitor is placed just after the beam dump to detect muons. While almost all hadrons are absorbed by the beam dump, the high energy muons penetrate the beam dump. The muon monitor is designed to provide pulse by pulse information on the intensity and profile of the beam.
At 280 m from the production target, neutrino detectors will be placed in order to measure neutrino beam properties. Two independent detector systems on the proton beam axis and off-axis (pointing to SK) are currently planned. The main purposes of the on-axis detector is to monitor the neutrino beam direction, intensity while the off-axis detector aims to measure energy spectrum, contamination of electron neutrino and neutrino interactions with similar energy spectrum to SK.
The expected ν µ spectrum at SK without oscillation is plotted in Fig. 5 . The ν e to ν µ flux ratio is as small as 0.2% at the peak energy of ν µ spectrum. Expected numbers of interactions at SK with 2
• off-axis is about 3000 for CC interactions in fiducial volume of 22.5 kt in 1 year.
summary
The J-PARC neutrino facility is approved by the Government and the construction is started in 2004. The R&D and design of the beamline components are in progress. Expected number of ν µ CC interactions is ∼ 3000/yr in the case of no oscillation. The construction will be completed in 5 years and the physics experiment will start in 2009.
